Abstract-Few data are available to clarify whether changes in albuminuria over time translate to changes in cardiovascular risk.
A ssessment of small amounts of urinary albumin excretion, so-called microalbuminuria, has become an integrated marker of cardiovascular risk in diabetic as well as nondiabetic populations. [1] [2] [3] [4] We published data recently from a large group of patients with essential hypertension and ECG-verified left ventricular hypertrophy (LVH) from the Losartan Intervention For Endpoint reduction in hypertension (LIFE) study showing a 4-to 5-fold increase in risk for cardiovascular events from the lowest to the highest decile of baseline urinary albumin excretion rate. 3 In another publication from the same hypertensive population, we showed that high urinary albumin excretion rate was related to LVH and was independent of age, blood pressure, diabetes, race, serum creatinine, or smoking. 5 This suggested cardiac organ damage was paralleling increased renal albumin excretion rate, which itself was most likely a marker of generalized hypertensionrelated damage to the peripheral vasculature. 6, 7 Although baseline level of urinary albumin excretion is a powerful risk predictor, there are no data from a comprehensive study population to clarify whether a reduction in albuminuria during antihypertensive treatment relates to a reduction in cardiovascular risk. The aim of the present study was to examine whether changes in albuminuria during antihypertensive treatment in the LIFE study predicted changes in cardiovascular risk.
Methods

Patient Population
Details on the LIFE study design, inclusion/exclusion criteria, patient characteristics, and results have been reported previously. 8 The present population included 8206 men and women, 55 to 80 years old, with ECG-verified LVH and mean trough sitting systolic blood pressure between 160 and 200 mm Hg or mean sitting diastolic blood pressure between 95 and 115 mm Hg after 1 to 2 weeks of single-blind placebo treatment, who had a valid prerandomization measurement of urinary albumin/creatinine ratio (UACR). 5, 9 Important exclusion criteria were myocardial infarction or stroke within 6 months, heart failure or known left ventricular ejection fraction Ͻ40%, or renal insufficiency (serum creatinine Ͼ160 mmol/L or 1.8 mg/dL). After 2 weeks of placebo treatment, patients were randomized to losartan-or atenolol-based antihypertensive treatment and followed for a mean of 4.8 years. Patients gave informed consent, and ethics committees approved the protocols. The present analyses were prespecified in the LIFE albuminuria substudy protocol.
Urine Albumin Measurement
A morning spot-urine sample was collected in 90% of the overall LIFE study population at baseline and repeated each year of follow-up. Urine albumin concentration was determined by a standard turbidometric method on a single urine specimen. Serum and urine creatinine concentrations were analyzed using the Jaffé reaction without deproteinizing and quantified by a photometric method using the same analyzer. Urine albumin concentration (mg/L) was expressed as a ratio to urinary creatinine concentration (mmol/L) to provide a composite measure of renal glomerular capillary permeability adjusting for urine dilution (that is, UACR, mg/mmol). To derive US measures of UACR in mg/g, UACR in mg/mmol is multiplied by 8.84, indicating that the "traditional" limits for microalbuminuria, UACR 30 to 300 mg/g, is very close to UACR 3.5 to 35.0 mg/mmol. Cross-laboratory validation studies were performed between the 2 central laboratories, which were located in the United States and Europe. This did not reveal any differences in determination of UACR. 10 
End Points
This report is based on analyses of 971 primary composite end points, which were defined as the first occurrence of cardiovascular death, nonfatal stroke, and nonfatal myocardial infarction. Further analyses were conducted on the individual components of the primary end point: cardiovascular death (without regard to any previous nonfatal end points; nϭ383), fatal and nonfatal myocardial infarction (without regard to any previous stroke; nϭ344), and fatal and nonfatal stroke (without regard to any previous myocardial infarction; nϭ479). An independent committee adjudicated all end points based on definitions provided in an end point classification manual.
Statistics
The present analyses were prespecified as part of the LIFE albuminuria protocol. SPSS version 10.1 statistical software (SPSS) and SAS 8.2 (SAS Institute) were used. Clinical events were analyzed using Cox proportional hazard models, and reported hazard ratios are based on these models. Baseline and in-treatment values of UACR were classified into 4 categories (Յ0.5 mg/mmol, 0.5 to 1 mg/mmol, 1 to 3 mg/mmol, and Ͼ3 mg/mmol) and were included as timevarying covariates in Cox regression models. To determine whether in-treatment UACR was predictive of cardiovascular outcomes, hazard ratios for in-treatment UACR were calculated. The results of this analysis are displayed using modified Kaplan-Meier curves; the modification is that the risk sets for each UACR category change over time, and patients can shift among the different cohorts because their UACR level changes over the study process. Note that in-treatment values of UACR were used in these analyses rather than changes from baseline because changes are highly correlated with baseline values. For example, decreases tend to occur in patients with the highest baseline values (ie, those at highest cardiovascular risk), which would bias an analysis of changes. In another attempt to circumvent the problem that those with high baseline values and high risk have the greatest reduction in UACR, the patient population was divided into 4 groups, according to the median value of UACR at baseline (1.21 mg/mmol) and the median value at year 1 of treatment (0.67 mg/mmol). We display the result by calculating crude event rates within the 4 subgroups. In this part of the analysis, patients with a cardiovascular end point within the first year of treatment were disregarded because of a possible influence of an end point on the level of UACR at year 1.
Results
Baseline characteristics for the total LIFE population and relations of albuminuria to cardiovascular risk factors have been reported previously. 3, 9 Of the 9193 patients participating in the LIFE study, 8206 had baseline measurements necessary for inclusion in this analysis (Table 1) . Compared with the patients who did not deliver a urine sample, there were no differences in age, gender, race, body mass index, blood pressure, ECG-LVH, Framingham risk score, or in the prevalence of known diabetes, coronary or peripheral vascular disease, and smoking habits (data not shown). 3, 5 The number of patients with UACR values available during treatment varies for each year. Figure 1 shows the rate of primary composite end point according to 4 levels of baseline and in-treatment value of UACR (Յ0.5 mg/mmol, 0.5 to 1 mg/mmol, 1 to 3 mg/mmol, Ͼ3 mg/mmol). Cut points were chosen to create reasonably large sample sizes in each of the strata. Figure 1 shows that the risk for a subsequent cardiovascular end point increases 3-to 4-fold from the lowest (Յ0.5 mg/mmol) to the highest (Ͼ3 mg/mmol) strata. The number of at-risk patients in the strata indicates that patients tended to shift from a higher level of UACR at baseline to a lower level at years 2 and 4. This implies that when UACR is reduced from the Ͼ3 mg/mmol level to the Յ0.5 mg/mmol level the risk is reduced accordingly. When baseline and in-treatment levels of systolic blood pressure are introduced into the Cox proportional hazard model, the hazard ratio for in-treatment UACR is only slightly modified; for example, the hazard ratio for the 
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composite end point is only changed from 1.184 to 1.180. This implies that only a small fraction of the risk expressed by time-varying UACR is explained by relation to in-treatment systolic blood pressure. If antihypertensive treatment (losartan versus atenolol) is introduced into the model as a covariate, the pattern of the curves is only slightly modified, in accordance with the findings that the superior effect of losartan on reduction in albuminuria compared with atenolol only explained a minor part of the benefit in favor of losartan observed in the LIFE study. 10 Table 2 and Figure 2 display the end point rates for the 4 groups of patients, subdivided according to above or below the median value of UACR at baseline (1.21 mg/mmol) and above or below median value at year 1 (0.67 mg/mmol). Data show that risk increases stepwise in each group from the group with low baseline/low year 1 level to the group with high baseline/high year 1 level; for example, the primary composite end point rate increases from 5.5% to 8.6% to 9.4% to 13.5%. Note that the rates for those with values below the median at baseline and above the median at year 1 were similar to the rates for those with values above the median at baseline and below the median at year 1. The rates for the individual end points follow the same pattern of stepwise increases in risk.
Data for the composite end point are displayed as a Kaplan-Meier curve in Figure 2 , which shows the likelihood of the primary composite end point during 60 months of treatment. Comparing the group with low baseline/low year 1 value to the group with high baseline/high year 1 value, the probability of the event increases from Ϸ5% to 14%. When this analysis is adjusted for baseline and year 1 systolic blood pressure in a Cox proportional hazard model, the risk estimate is not significantly modified (data not shown). Again, this indicates that the level of systolic blood pressure during treatment does not influence the risk conferred by UACR to any important degree during treatment.
Discussion
We and others have shown that baseline level of albuminuria is a powerful predictor for subsequent risk for cardiovascular complications in patients with essential hypertension. [1] [2] [3] [4] The present study shows that the level of albuminuria during antihypertensive treatment with either losartan-or atenololbased therapy is closely related to the risk during treatment, implying that changes in albuminuria translate to changes in risk. Our analyses were confined to in-treatment levels of albuminuria instead of the magnitude of changes from baseline during treatment. This approach was used to circumvent the problem that patients with the highest baseline value, and the highest cardiovascular risk, most likely also would have the greatest changes in albuminuria. In fact, of the 3606 patients with UACR below the baseline median value, only 801 (22%) had a decrease greater than the median year 1 change, whereas 2784 of 3574 (78%) patients with UACR above the median baseline value had a decrease above the median year 1 change, which was as expected because of blood pressure lowering and a regression-toward-the-mean phenomenon. Therefore, an analysis focusing on changes would bias the results. Thus, we analyzed the data based on dichotomization according to the median values of UACR at baseline and year 1. With this analysis, we found a stepwise decrease in event rate, indicating that lowering of UACR would also lead to a lowering of risk in those with high, as well as low, UACR at baseline.
The effects of lowering UACR were further analyzed by the time-varying albuminuria model. This model assumes that an individual can change stratum of albuminuria by increasing or decreasing UACR within the 4 strata specified in the analysis. The clinical interpretation is that an individual with high UACR at baseline whose UACR decreased (by Ն1 strata) during antihypertensive treatment will accordingly have a decreased cardiovascular risk.
One of the important correlates for baseline and intreatment level of albuminuria is the level of blood pressure. 5 However, when baseline and in-treatment values of systolic blood pressure were introduced in a Cox proportional hazard model for time-varying UACR, the risk assessment expressed by UACR was only modified to a minor degree. Accordingly, when our analysis on the groups divided according to median baseline in year 1 level of UACR were adjusted for baseline and in-treatment level of systolic blood pressure, the hazard ratios were not influenced to any significant degree. This indicates that a major part of the risk predicted by values of albuminuria during treatment was not explained by the level of systolic blood pressure.
Why is the level of albuminuria a risk predictor independent of other established risk factors? We and others have proposed that albuminuria is an integrated marker of structural and functional abnormalities in hypertension, such as hypertensive vascular abnormalities, endothelial dysfunction, hypertensive cardiac abnormalities, and impairment of renal function. 4,7,10 -13 Consequently, reductions in levels of albuminuria during treatment translate to regression of a number of vascular abnormalities in hypertension, and thereby a decrease in risk in general. Albuminuria is believed to be a measure of generalized vascular leakiness for albumin. 6 This proposition is strengthened by our finding of parallel relationship between albuminuria and degree of LVH. 5, 8 We have shown previously that treatment with losartan confers a greater reduction in albuminuria during the study period compared with atenolol. 10 We also showed that only part of the benefit of losartan relative to atenolol (Ϸ17% with very wide 95% confidence limits between 9% to 66%) was explained by its superior influence on albuminuria. 10 In concordance, the outcome of the time-varying albuminuria model does not change substantially when treatment (losartan versus atenolol) is introduced as a covariate in the model.
We are not aware of any other data from a large group of hypertensive patients elucidating the influence of antihypertensive treatment on change in albuminuria and its relationship to risk. In type 2 diabetes with diabetic nephropathy, 14 -16 but also in nondiabetic renal disease, 17 there are data that indicate that the magnitude of decreases in albuminuria during renin-angiotensin-aldosterone system intervention relates to the degree of renal protection but also to the degree of reduction in cardiovascular risk. 16 We believe that our data show the importance of monitoring of albuminuria in hypertensive individuals before, as well as during, treatment, a concept strongly argued for by de Zeeuw et al in patients with type 2 diabetes. 14, 18 Based on the present results and our previously published data, 3 the risk for serious cardiovascular events already increases significantly at a level of UACR of Ϸ1.2 mg/mmol in a hypertensive population with LVH. This is a level that is much lower than the classical definition of microalbuminuria defined from diabetic population (ie, Ն3.5 mg/mmol), a level at which the risk in the present LIFE population already is increased Ϸ2-to 3-fold compared with the level Յ0.5 mg/mmol. We propose that measurement of albuminuria should be an integrated part of the management of arterial hypertension. It should be assessed before treatment and measured at yearly intervals. If the level remains high (ie, Ͼ1.0 mg/mmol) or not influenced by antihypertensive treatment, the clinician should carefully consider whether blood pressure is adequately controlled or whether other modifiable risk factors, such as smoking, lipid abnormalities, and glucose metabolism, need further intervention to decrease patient risk.
There are some limitations to this analysis. In the present study, albuminuria was characterized by determination of UACR in a single spot-urine collection at baseline and each year of follow-up; however, previous studies have documented a close correlation between spot-urine UACR and measures of albuminuria from overnight or 24-hour urine collection. 19 Considering the variability in determination of UACR, only 1 measurement at each time point will weaken the relationship between UACR and outcome measures. On the other hand, this will be balanced to a major extent by the large sample size in this analysis. Patients qualified for enrollment into the study by specified ECG-LVH criteria, and hence, these results might not strictly apply to patients without ECG-LVH.
Conclusion
In hypertensive individuals, baseline and in-treatment levels of albuminuria are powerful predictors for subsequent cardiovascular morbidity and mortality. Reduction in albuminuria during treatment translates to reduction in cardiovascular events.
Perspectives
Our results indicate that measurement of albuminuria should be an integrated part of management of patients with hypertension. Reduction in albuminuria might be a therapeutic goal in itself. If the level of albuminuria is not modified by a patient's current antihypertensive and other treatment, further intervention directed toward blood pressure control and other modifiable risk factors should be carefully considered.
